Resistive wall wakefield and beam interactionsfor the
femtosecond source

The transverse wakefield from the resistive wall for acircular pipe of radius
b, length L, electrical conducticvity Oqyuciviry 1S given by [Handbook of
Accelerator Physics and Engineering]:
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For acharge distribution p(z') the wake is then:
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And for a Gaussian bunch:
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The deflecting voltage for a bunch of charge Ne, and offset y,, is:

And the angular deflection of abeam of energy E (eV)is:
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For the parameters of Table 1, the wakefield is shown in Figure 1 together
with the charge distribution. The deflection angle for the same parametersis
shownin figure 2.

Table 1. Initial parameter set - first arc

Bunch length, o 10 ps
Bunch length, o 3mm
Chamber radius 1.5cm
Chamber length 1m
Chamber conductivity 3.5x107 (Al)
Bunch offset 100 pm
Number of electrons 6.24x10°
Beam energy 710 MeV
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The deflection is small, and only 12 nm distortion in ,, over 100 m of 3 cm
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We now explore the parameter regime, that in the final arc:

Table 2. Final arc (photon production) parameter set

Bunch length, o 1ps

Bunch length, o 0.3 mm
Chamber radius 2.5 mm
Chamber length 1m
Chamber conductivity 3.5x107 (Al)
Bunch offset 100 pm
Number of electrons 6.24x10°
Beam energy 2.5 GeV
Beamsize o, 8.5 um




Transverse deflection, rad
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The position of the bunch along the photon production straight is:

Transverse displacement / g,

Offset, pm
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The distortion is approximately 0.28% for 100 um offset in 1m of chamber
height 5 mm.

0.14 percent for a 50 um bunch offset in 1 m of chamber height 5 mm.

This suggests that the maximum bunch offset per meter of narrow-boreid (5
mm height) is~ 50 pm to maintain bunch distortions at the one percent level
over atotal of 10 m of narrow-bore chamber.

The vacuum chamber height should be increased between id's, taking care to
avoid strong wakefields from tapers.

Alternatively, the vacuum chamber height may be increased to 6.3 mm to
allow abunch offset of 100 um with ~ one percent distortions along the
bunch in 10 m of narrow-bore chamber.



Now introduce the angular position variation within the bunch, asin the
photon production section dipole magnets.

The effects arising from the tilt of the bunch are significant. The bunch angle
in the bend magnetsis 68° (1.19 rad) and rms bunch length 0.3 mm (1 ps),
so the beam at 10, is 278 um displaced from the axis. The apparent
(projected on machine axis) g, is reduced to 0.378 of that in the bunch axis.
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Transverse position, mm
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Now include a 100 um offset in the bunch:
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The bunch distortionis 1 % of g, in 1 m of 5 mm height dipole vacuum
chamber, with 100 pm offset.

25 e L o e e o e e B B T I = == o = O S S0 S 00 S 1

IS

1S

s

5

h%

= !

b>

3 I

s :Io ‘v"*‘ : XX l"‘" : : H

o ; -

o 10'! R | | a2Mv @26GH:Z h

_g T_T._‘.‘g_"“_' .............. _|_ .............. ]_Bﬁn(fl‘ﬂth@[a:@’lfﬁmﬁis_ ..... _.-[

8 : ',; . : : i Maximumtilt :

oA | Ry |

g s | | |_-% 50y displecament i

: T s st mpt § ST — " ——

A | | i .+
f | | | | !

0 |—'—r—|—|—'—r-'—l1—r1—r|—r1—'—|—Lr—'—|—'—|-'—|1—rLr|—r1—|—|—'—r—'—|l—'—r-'—|-|—r1—rt—[

0 20 40 60 80 100

Length of chamber, m

This analysis does not include effects from:
Flat beampipe (20% effect)
Focussing and 3-tron motion
CSR or other bunch distortions
Longitudinal effects (energy spread)
Other energy passes
Other bunch lengths



